Objective: To examine whether case managers affect patient evaluation/ treatment/outcome and staffing requirements during Multiple Casualty Incidents (MCIs). Summary Background Data: Multiple patient relocations during MCIs may contribute to chaos. One hospital changed its MCI patient relocation policy during a wave of MCIs; rather than transfer patients from one medical team to another in each location, patients were assigned case-managers Ϯ teams who accompanied them throughout the diagnostic/treatment cascade until definitive placement. Methods: MCI data (n ϭ 17, [2001][2002][2003][2004][2005][2006] were taken from the hospital database which is updated by registrars in real-time. ISSs were calculated retrospectively. Matched events before (n ϭ 5)/after (n ϭ 3) the change yielded data on staff utilization. Semi-structured interviews were conducted with 26 experienced staff members regarding the effect of the change on patient care. Results: Twelve events occurred before (n ϭ 379 casualties) and 5 occurred after (n ϭ 152 casualties) the change. Event extent/severity, manpower demands and patient mortality remained similar before/after the change. Reductions were observed in: the number of x-rays/patient/1st 24-hour (P Ͻ 0.001), time to performance of first chest x-ray (P ϭ 0.015), time from first chest x-ray to arrival at the next diagnostic/treatment location (P ϭ 0.016), time from ED arrival to surgery (P ϭ 0.022) and hospital lengths of stay for critically injured casualties (37.1 Ϯ 24.7 versus 12 Ϯ 4.4 days, P ϭ 0.016 for ISS Ն 25). Most interviewees (62%, n ϭ 16) noted improved patient care, communication and documentation. Conclusions: During an MCI, case managers increase surge capacity by improving efficacy (workup/treatment times and use of resources) and may improve patient care via increased personal accountability, continuity of care, and involvement in treatment decisions.
M ass casualty incident (MCI) management requires frequent patient transfer from one treatment station to another. In large scale military or civilian MCIs interhospital transfer is also frequently required. For example, military casualties from the Iraq war are routinely transferred from Forward Surgical Teams to a Level IV hospital through a triage cascade ultimately ending in a tertiary care hospital or rehabilitation center. 1 On a smaller scale, there is an intrahospital triage cascade for victims of a MCI involving patient transfer from the emergency department (ED) to the radiology suite, through the operating room and the post operative care unit to the Intensive Care Unit (ICU)/ward. These frequent patient relocations tax staff, communication and information transfer resources and contribute to the chaos.
During the al-Aqsa Intifada (2001) (2002) (2003) (2004) (2005) (2006) ) the Shaare Zedek Medical Center (SZMC) responded to 17 MCI's in Jerusalem. In January 2003 the hospital Trauma Director implemented a change in policy for intrahospital patient transfer during an MCI (Fig. 1 ). Prior to January 2003, patients were transferred by "transfer staff" between designated diagnostic/therapeutic stations. These diagnostic/therapeutic stations were each staffed by independent medical teams, including an experienced senior surgeon who dictated patient management at each station. Thus patients were transferred from one medical team to another at each location.
Following the change in patient transfer policy, a "case manager" was assigned to each casualty. 2 The level of expertise of the case manager was determined by patient severity of injury and ranged from a nursing or medical trainee to a combined medical/nursing team led by a senior surgeon. The case manager accompanied the patient throughout the diagnostic/therapeutic triage cascade providing continuous patient care until arrival at the definitive care destination. Workup, treatment and transfer all depended on the clinical judgment of the case manager assigned to each patient, in consultation with the Hospital Incident Commander (a senior surgeon).
This study describes the impact of this change in patient transfer policy on patient evaluation, treatment and outcome as well as on hospital staffing during MCIs.
MATERIALS AND METHODS
All casualties from MCIs treated at the SZMC from August 2001 to February 2006 were studied. An MCI was defined as a terrorist attack that was of sufficient size to activate the Jerusalem District Emergency Medical System and hospital backup teams. All of the MCIs included in the current study also fulfilled the Israel Ministry of Health criteria for an MCI for a Level I Trauma Center (ie, arrival of Ն 10 casualties or Ն 4 severely injured casualties to the hospital within a brief period of time).
Treatment Areas (Fig. 2) The details of triage and patient care during MCIs at SZMC have been described elsewhere. 
Clinical Care
The triage officer directs critically injured casualties to the Immediate Care Station where airway and external hemorrhage are controlled, vascular access is established and focused abdominal ultrasound (FAST) is performed as required. Immediate Care patients are accompanied by an experienced surgeon and anesthesiologist throughout the treatment cascade. A senior surgeon was assigned to serve as the Immediate Care Station Triage Officer. This surgeon was pivotal in decisions regarding prioritization of treatment.
Hemodynamically stable conscious stretcher cases are triaged to the Delayed Care Station within the ED. These patients usually require complete diagnostic evaluation prior to arrival at their definitive care destination. Many of these patients require access to the OR for debridement or fracture management.
Mildly injured "Walking Wounded" casualties are evaluated in a separate station located outside the ED by physicians who are supervised by a senior surgeon. These patients are usually also examined at ENT and Ophthalmology diagnostic stations prior to hospital discharge.
The seniority of the accompanying team is determined by the patients' severity of injury. An experienced surgeon and anesthesiologist throughout the treatment cascade accompany Immediate Care patients. Delayed Care patients are accompanied by a surgical resident. A nurse is almost always a member of the case management team for Immediate Care and Delayed Care patients. ED nurses were not assigned to the case management team even after the change in policy to preserve critical ED nursing resources. The most experienced surgeons function as the Hospital Incident Commander and Triage Officers at the various diagnostic/therapeutic stations. Decisions regarding triage and treatment are made together with these "experts," rather than by the case managers alone.
Communication
In-hospital communication is normally conducted by cellular (virtual private network) and regular phones and a Stentophone Intercom System. There are intercoms at all of the hospital nursing stations. During an MCI cellular communications often fail. The hospital also has 15 backup 2-way radios. These are deployed by the on-duty security officer to the Hospital Incident Commander and Triage Officers at the various diagnostic/therapeutic stations and the on-duty head nurse immediately upon notification of an MCI. Finally, the hospital has constructed a computerized system enabling message transfer from site to site and from site to cellular phone. Information transfer is kept to the minimum necessary to allow triage decisions.
Equipment
During an MCI, the efficiency of primary car may be affected by equipment availability or lack thereof. During the study period, the hospital did not purchase any additional equipment that could have affected the efficiency of patient care during an MCI.
Quality Measures

Patient Evaluation and Treatment
Data entry registrars (secretaries, nurses and national service volunteers) stationed in each treatment area update the hospital computer system with the time of arrival of each patient during an MCI. All procedures (eg, chest x-ray, surgery) are entered into the database. The data relevant to MCI casualties were retrieved from the database following waiver of consent from the IRB.
Patient Outcomes
Length of hospital stay and patient outcomes were retrieved from the clinical computerized hospital database. Injury Severity Scores were calculated retrospectively from the files of admitted patients by a research nurse blinded to patient outcomes.
Staff Requirements
The number of staff members recruited for the purpose of patient management during MCIs and the amount of time dedicate by each staff member to this purpose were retrieved from the hospital information system and calculated retrospectively from a matched sample of 5 events before and 3 events after the change in policy. The events were matched for both size and time of day.
Questionnaire Survey
Following an additional waiver of consent from the Institutional Review Board (IRB), brief, semi-structured, individual interviews were conducted with staff regarding their assessment of the effect of the change in policy on patient care. Interviewees were all staff members who had an overview of patient management (eg, station managers, senior surgeons, nursing management, etc) and 
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Case Managers in Mass Casualty Incidents who had participated in MCIs both before and after the change in policy. The sample size of the focus group was based on the principle of theoretical saturation in qualitative research. 5 Interviews were conducted by a single researcher (WS) who had no vested interest in either management policy. A structured questionnaire, created for the purpose of the study, was used to guide the interviews and provide them with a common denominator. Prior to the interview an explanation was provided regarding the aim of the interview. The questionnaire included 8 open questions; 2 addressed the interviewees MCI experience (to verify inclusion criteria) and 6 questions addressed the impact of the change on patient care. Interviewees were encouraged to provide suggestions and remarks at the end of the interview.
Medical Documentation
The charts of casualties with ISSs between 9 and 25 were reviewed to assess the quality of medical records. Charts were scanned for documentation of the following data: injury mechanism, type and location, vital signs, and the Allergies, Medications, Past medical history, Last meal, Event details (AMPLE) history details as recommended by Advanced Trauma Life Support (ATLS) guidelines. Documentation was included only if it was performed prior to formal medical admission.
Data Presentation and Statistical Analyses
Several databases were constructed for the purpose of data collection. Clinical data and staff requirements were exported from computerized hospital clinical and managerial databases to Excel files (Microsoft Office Excel 2006, Microsoft Corporation) and then transferred to a dedicated Statistical Package for the Social Sciences (SPSS) file (SPSS 10. SPSS Inc. Chicago, Illinois). Responses to the structured questionnaire, including interviewee comments, were inserted directly into a separate SPSS file as was documentation data.
The primary outcome measures were the effect of the change on patient workup, treatment (particularly times) and outcomes. Secondary measures were the effect of the change on manpower demands and the overall staff impression regarding the effect of the change.
First, descriptive statistics, including frequency distributions, ratios, means, medians, ranges, and standard deviations were used to describe the study group, the results of the survey, and the "before and after" sample populations. Then, comparisons between the 2 periods were performed ("before and after"). After verifying that these variables met parametric assumptions, comparisons of numerical variables (eg, staff hours, ED times, number of x-rays, length of hospital stay) were performed using the student's t test. Categorical data were compared using the Fisher exact test. Due to the small number of cases in the denominator, critical mortality rates are presented with their sample Confidence Intervals (CIs, mid-P). Differences in mortality and sample CIs were calculated using an online software tool. 6 All other statistical analyses were performed using SPSS. P Ͻ 0.05 was considered significant.
RESULTS
Study Population
The study population included 531 casualties from 17 MCIs. The average time from event notification to arrival of the first patient was 01:09 Ϯ 1:27 minutes. The time between arrivals averaged 4.64 Ϯ 9.79 minutes and one fifth of the casualties were brought in together. The average number of casualties arriving to the ED during these events was 30 Ϯ 18 (median 24, range 10 -83), with 8 Ϯ 10 (median 6, range 1-44) requiring admission and 4 Ϯ 5 (median 3, range 1-22) requiring surgery on the day of arrival. Overall more than a quarter of the casualties were admitted (n ϭ 151, 28%). A fifth of the admitted patients (n ϭ 29, 21%) had Injury Severity Scores (ISSs) Ͼ16 (ISSs were not computed for 12 patients who were transferred secondarily. Data regarding one patient were missing). Two percent of the casualties (n ϭ 12) were transferred secondarily less than 24 hours following arrival to hospital.
Twelve events occurred before the change in policy was implemented (n ϭ 379 casualties) and 5 events occurred after (n ϭ 152 casualties). No difference was found in the extent or the severity of the events occurring before and after the change in policy (Table 1) .
Questionnaire Survey
Twenty-six SZMC staff members were interviewed: 6 physicians, 14 nurses, 5 administrators, and one member of the security staff. The majority of respondents (62%, n ϭ 16) felt that appointment of case managers led to a substantial improvement in the efficiency of patient care. Six respondents (23%) stated patient care had become more efficient and 4 respondents (15%) stated that there had been no change in the efficiency of care. The interviewees reported that case managers often served as advocates for their patients during triage decisions. Particular improvement was noted in interprovider as well as in provider-patient and provider-family communication. Interviewees also noted an improvement in documentation and a reduction in unnecessary patient transfers and tests following the change in policy.
Medical Documentation
Although there seemed to be an overall improvement in documentation. However, this finding was not statistically significant. This data is presented in Table 2 .
Staff Requirements
The number of staff members required to respond to an MCI was similar before and after the change was implemented. This data is presented in Table 3 . (Table 3) The percent of casualties remaining in the ED more than 1 or 2 hours was slightly lower after the change in policy was implemented but this change was not significant. The time patients with ISS Ն 16 spent in the ED seemed to increase after the change Average ISS* 10 Ϯ 15 11 Ϯ 13 0.69 % patients with ISS Ͼ16* 4.5 (n ϭ 17) 7.9 (n ϭ 12) 0.14 All numbers represent mean Ϯ SD unless specifically stated otherwise. *Data missing for 4 patients before the change in policy, who expired less than an hour after ED arrival.
Patient Workup and Treatment
Einav et al Annals of Surgery • Volume 249, Number 3, March 2009
The number of x-rays each patient underwent within the first 24 hours, the time to performance of the first chest x-ray, the time elapsing from the first chest x-ray to casualty arrival at the next treatment area and the time from casualty presentation to the ED till their arrival at the OR were all reduced following the change in policy.
Patient Outcomes (Table 4)
The mortality rate was similar before and after the change in policy. Seven patients died before the change in policy and 3 after. ISS's could not be calculated due to poor documentation in 4 cases before the change in policy; all expired within less than an hour of arrival. The ISS's of the casualties for whom data was available were 25, 75 and 75 before and 34, 41, and 75 after respectively. Critical mortality rates also remained similar. The length of hospital stay decreased significantly for casualties with high ISSs after the change.
Most patients who underwent secondary transfer (n ϭ 12) were anonymous upon arrival to the SZMC. They were identified only at the receiving hospital, enabling us to trace the hospital records of only 8 of them; 7 before and one after the change. Their ISSs ranged from 5 to 41 for patients transferred before and 25 for the patient transferred after the change. Seven were transferred for neurosurgery since this service was unavailable at the SZMC. All of the patients who could be traced survived to hospital discharge.
DISCUSSION
This study is the first to demonstrate that assigning case managers may improve patient management and flow during MCIs. Staff questionnaire results suggest improved care following the change in policy. Objective measures such as briefer throughput times and more efficient utilization of ancillary tests prove the validity of this impression. Notably, these improvements were achieved with a similar number of staff members and no added equipment.
The MCIs in the current study are highly consistent with previously established patterns for civilian terrorist bombings in 
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Case Managers in Mass Casualty Incidents both casualty injury and the requirement for rapid mobilization of a large number of hospital resources. 7 In such events precious little time exists for hospital reorganization and recruitment of assistance. Resource recruitment is critical given that OR and ED staffing is typically overestimated 8 and the limits of treatment are defined by hospital surge capacity. 9 -10 This study is the first to prove that a change in patient management strategy may increase hospital surge capacity; Allocation of case managers may change a mass casualty event into a multiple casualty event in both concept and practice.
During an MCI, there is a large influx of casualties being transferred from one treatment station to another. Prior to the change in policy casualties often did not have a physician accountable for their care. After the change, case managers were held responsible for the care of their patients throughout the diagnostic and therapeutic triage cascade. From the medical professional's viewpoint, appointment of a case manager turns an MCI into a series of single cases. Once a staff member is given a manageable assignment, the degree of distraction caused by the large number casualties is significantly reduced.
The quality of documentation achieved during an MCI is often inferior to that achieved during routine care; in the early model the physician stationed at each treatment location was required to write a report for each patient prior to patient transfer to the next treatment location. Writing a report is a labor-intensive process which delays treatment and often results in incomplete and/or low-resolution data at best. These reports accompanied the patient with the intent of being intermittently reviewed by the incident command officer and have occasionally been misplaced in the mayhem of an MCI. Case management appeared to improve the quality of information transfer but not necessarily through improved documentation during patient workup. Most of the detailed reports were written by the case manager responsible for longitudinal patient care only after medical admission.
Case management also improves MCI command and control situational awareness; most case managers are able to provide succinct information that is pertinent to patient management on the spot. Case managers are the key elements in communication and actively participate in triage decisions with the responsible senior surgeons. In our experience appointment of case managers also enabled the Hospital Incident Commander to perform orderly post event audits of patient care. Debriefing of case managers yielded quality information regarding patient processing.
Appointment of case managers improves both continuity of care and information transfer and possibly reduces the risk of medical error. Patient safety is enhanced by improved continuity of care, a smaller number of handoffs [11] [12] [13] and a decrease in staff communication load.
14 Secondary benefits may also include an increase in staff psychological resilience due to a sense of improved coping. Assignment of case managers also decreases the stress associated with uncertainty regarding the hierarchy of care and scope of responsibility. The assignment of specific tasks to medical staff members decreases the confusion and pandemonium often seen throughout the hospital in an MCI. Contrary to expectations, case management does not increase staff requirements and is a feasible solution provided the MCI is of a limited nature and a graded system is used to optimize existing manpower resources.
The outcomes of critically injured patients during the study period deserve special mention. During the study period the Jerusalem EMS realized that severely injured patients may be brought to the SZMC. Increased field triage of immediate care patients to SZMC occurred because of EMS concerns regarding the adverse effect of the longer transport time to reach the Jerusalem Level I Trauma Center. These patients were often en-extremis, rendering secondary transport impossible. Some casualties with higher ISS's required lifesaving procedures in the ED, causing both longer ED throughput times and longer times to OR. The similarities in mortality rates and briefer lengths of hospital stays after the change in policy suggest improved patient care.
An MCI occurs when the number of casualties produced in a relatively short period of time (usually as the result of a single incident) exceeds local logistic support capabilities. 15 In the current paper MCIs were defined by the need to activate the Jerusalem District Emergency Medical System and hospital backup teams. The scale of an MCI is usually unknown immediately following the event, augmenting the difficulty of appropriate response. Triage of some patients to "expectant care" may be necessary depending upon the number of casualties and the available resources. Fortunately, triage to "expectant care" has never been required at the SZMC.
In the current study ED times were slightly longer after allocation of case managers (although this finding did not reach statistical significance) in part due to delays for ED laparotomy with damage control. These procedures were carried out during times of near-saturation of hospital functional capacity; almost half of the secondary transfers during this time were performed because of resource saturation rather than for need of unavailable specialty care. Performance of ED laparotomies after allocation of case managers probably reflects reluctance to limit treatment due to increased commitment and personal accountability. Such procedures are generally not appropriate during an MCI. However, case managers do not have an overview of the scale of the event. Appropriate training and deference to the authority of the hospital incident commander can minimize procedures. Although case managers need not necessarily be surgeons, we believe that individual patients with critical injuries receive better care from experienced surgeons. 
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The proportion of casualties undergoing x-rays remained similar before and after the change in policy but the total number of x-rays each casualty underwent within the first 24 hours decreased significantly after the change. This finding indicates that x-rays can be limited to detection of potential life-threatening injuries during the early phase of casualty influx. Once the initial influx of casualties is over, additional studies can be obtained following expert consult. Such practice optimizes the use of limited radiology resources which also constitute a bottleneck during MCIs. 8 This study reflects the experience of a single hospital. Data regarding staff utilization is limited but we are unaware of other studies presenting similar data. This is an observational study, which could be viewed as an ecological time series, and as such is prone to bias induced by confounding variables (eg, by the increase in MCI experience over time, by change in EMS policy regarding patients who deteriorate during transport, by lack of data regarding ISS and outcomes of patients who were transported secondarily). One should therefore be circumspect regarding direct inferences. The patient management solution suggested in this paper may be feasible only for MCIs of a limited scale. Most MCIs to date are the result of terrorist attacks involving the use of small arms and explosives, 16 similar to the events discussed in this paper. Data regarding missed injuries may have provided additional insight into quality of care; late detection of missed injuries in an MCI could result from limited ability to provide meticulous attention to each single patient. We were unable to acquire data on missed injuries and therefore cannot judge whether the case management system reduces the incidence of missed injuries.
CONCLUSIONS
Assignment of case managers to casualties during an MCI improves patient management and system efficacy. Patient management is improved by an increase in personal accountability, continuity of care and expert surgical involvement in treatment decisions. System efficacy is improved by an increase in surge capacity resulting from rapid throughput times and more efficient use of resources.
